Aims/hypothesis. We examined whether the 2-h plasma glucose (2hPG) concentration after a 75 g OGTT is predictive of death in men with a diabetic, an impaired or a normal fasting plasma glucose concentration (DM-FPG: ≥7.0 mmol/l; IFG: 6.1-6.9 mmol/l; normal-FPG: <6.1 mmol/l). Methods. The 17-year mortality of 7018 men, aged 44 to 55 years, from the Paris Prospective Study, who were not known to be diabetic at baseline was studied. Results. The 2hPG was not associated with early mortality in men with a DM-FPG in contrast to men with an IFG or a normal-FPG; for an increase from 10 to 11 mmol/l in the 2hPG, the age-adjusted hazards ratios were 1.01 (95% CI 0.95-1.08), 1.15 (1.03-1.28) and 1.24 (1.18-1.31) respectively. Coronary heart disease mortality and within this category sudden death but not ischaemic heart disease death, were related with 2hPG but only in the men with normal FPG. However, the prediction by 2hPG did not differ between the men with DM-FPG, an IFG or a normal-FPG: the overall age-adjusted hazards ratios for these three causes of death were 1.09 (1.00-1.18), 1.13 (1.02-1.26) and 1.13 (0.99-1.29), respectively. Conclusion/interpretation. 2hPG is unequivocally prognostic for all-cause mortality only in men with normal FPG. Screening men with an IFG by using a 75 g OGTT is of limited benefit. [Diabetologia (2002[Diabetologia ( ) 45:1224[Diabetologia ( -1230 
ers have used those defined by the American Diabetes Association (ADA) and the World Health Organisation (WHO): diabetes (DM-2hPG: ≥11.1 mmol/l), impaired glucose tolerance (IGT: 7.8-11.0 mmol/l), normal (normal-2hPG: <7.8 mmol/l) [6, 7] . When the 2hPG concentration was analysed as a continuous variable for the men in the Paris Prospective Study, it predicted death by all causes and by coronary heart disease [8] .
The WHO and the European Diabetes Policy Group recommend that all subjects with an IFG should be given an OGTT [7, 9] . The question remains, as to whether the 2hPG carries a risk for certain causes of early death for all three groups of subjects: diabetic by fasting plasma glucose (DM-FG: ≥ 7.0 mmol/l), impaired fasting plasma glucose (IFG: 6.1-6.9 mmol/l), normal fasting plasma glucose (normal-FPG: <6.1 mmol/l).
Previous studies have shown that the 2-h plasma glucose (2hPG) concentration after a 75 g oral glucose load (OGTT) is predictive of all cause, cardiovascular, and coronary mortality [1, 2, 3, 4, 5] . Some studies have used arbitrary classifications for the 2hPG, oth-We studied the effect of the 2hPG concentration on death by all causes, by cardiovascular diseases and by cancer. These were the principal causes of death in the Paris Prospective Study cohort in the men categorized according to their fasting plasma glucose concentration: DM-FPG, IFG, normal-FPG.
Subjects and methods
Study cohort. 7018 Paris policeman, aged 44 to 55 years and who were not known to have diabetes before the baseline examination were followed-up for 17 years for causes of death.
All men completed a 2-h, 75 g OGTT and plasma glucose and insulin concentrations were measured on both the fasting and 2-h samples and cholesterol concentrations on the fasting sample. The men were questioned about smoking habits and their blood pressure, BMI and iliac circumference were measured. The Paris Prospective Study participants were examined during a periodic yearly health examination required for Paris policemen by their employer. The investigations were carried out in accordance with the principles of the 1964 Helsinki declaration.
The dates of death were obtained from official sources and information on the causes of death from the treating physician, hospital records and the family of the deceased. The International Classification of Diseases (ICD), revisions 8 and 9 [10], was used to code the causes of death: coronary heart disease were: 410 to 414 (ischaemic heart disease), 427.0 (congestive heart failure), 427.1 (left ventricular failure), 519.1 (acute oedema of lung), 782 (symptoms referable to cardiovascular and lymphatic system), 795.0 (sudden death); cardiovascular disease: coronary heart disease and 390-459; cancers: 140 to 239.
Statistical analyses.
Characteristics of the three groups of men: DM-FPG, IFG, normal-FPG were compared using chi-squared or Student's t tests (with glucose and insulin concentrations log transformed). The observed relative risks shown in the figure used the number of person-years of follow-up as the denominator for each 2hPG class and the reference interval was centred on 6.0 mmol/l. The Cox proportional hazards model was used to assess the effect of the 2hPG concentration (transformed logarithmically to ensure a more symmetric distribution) on time until death, after adjusting for age. Both linear and quadratic glucose terms were used in the models as the relations were not always linear; the p values in Fig. 1 were derived from a chi-square test to compare nested models (model 1: age; model 2: age, linear and quadratic terms in 2hPG); the hazards ratios were modelled by the continuous lines in the Figure. The age-adjusted effect of 2hPG was compared between the three FPG groups by chi-square tests of nested models and when there was a significant difference, the same method was used for the pair-wise comparison of FPG groups. Hazards ratios (95% CI) were calculated for an increase in 2hPG concentrations from 10 to 11 mmol/l after adjusting for age alone and after further adjustments were made for other risk factors: systolic blood pressure, cholesterol concentration, iliac circumference, current smoking, fasting and 2-h insulin concentrations. An overall hazards ratio was calculated if the previous test indicated that the 2hPG did not have a different effect in the three FPG groups; adjustment was made for the FPG group. To provide more easily interpretable hazards ratios, the all-cause mortality hazard ratios were also calculated for the nine groups: DM-2hPG, IGT, normal-2hPG by DM-FPG, IFG, normal-FPG. A p value of less than 0.05 was considered to be statistically significant.
Results
In this cohort of middle aged men, 3.4 % had a DM-FPG and 17.1% an IFG ( Table 1) . As expected the glucose and insulin concentrations differed significantly between the three groups: normal-FPG, IFG, DM-FPG (p<0.0001); BMI, centrally obesity as measured by the iliac circumference, cholesterol concentration and systolic blood pressure also differed (p<0.05). After 17 years of follow-up, 1344 men had died, 37% of those with a DM-FPG, 21% with IFG and 18% with a normal-FPG (Table 2) , thus there was little difference in the risk of mortality between the men with IFG and men with normal-FPG.
The 2hPG (analysed as a continuous variable) was not predictive of all-cause mortality for the DM-FPG men (p=0.4) (Fig. 1 , Table 2 ); in contrast, there were significant relations (p<0.04, p<0.0001 respectively) for the IFG and normal-FPG men. A difference was found between the effect of 2hPG concentrations in these three FPG groups (p<0.0001) ( Table 2 ), in particular between the men with normal-FPG and those with IFG or DM-FPG (p<0.02, p<0.0001). For example, an increase in 2hPG concentration from 10 to 11 mmol/l was associated with hazards ratios for DM-FPG: 1.01 (95% CI: 0.95-1.08), IFG: 1.15 (1.03-1.28) and normal-FPG: 1.24 (1.18-1.31) (Table 3).
Further, the 2hPG concentration was analysed quantitatively in the three categories: DM-2hPG, IGT and normal-2hPG, rather than as a continuous variable. In the DM-FPG men, the 2hPG class had no effect on the hazards ratios for all causes of death (p=0.7) and there was no trend (p=0.4) ( Table 4) ; for the men with IFG this less powerful grouped analysis gave non-significant results (p=0.3 for difference, p=0.1 for trend). For the normal-FPG men the hazards ratios were different between the three 2-h categories (p<0.0001): compared with men with a normal-2hPG, there was a fourfold mortality increase for the DM-2hPG men, a doubling for the IGT men. However, the DM-2hPG men were only a very small fraction (0.6%) of this cohort.
For the 240 men with DM-FPG, 15.0% died of cardiovascular causes compared with 6.4% of the 1203 men with IFG and 5.5% of the 5575 men with normal-FPG ( Table 2 ) . Again there was no relation with 2hPG in men with DM-FPG (p=0.5) nor in men with IFG (p=0.2); however, there was a curvilinear relation for men with normal-FPG (p<0.03). There was no difference however, in the relation between the 2hPG and cardiovascular mortality between these three FPG groups and the common hazards for an increase from 10 to 11 mmol/l was 1.09 (1.02-1.16) ( Table 3) . The risks associated with 2hPG for cardiovascular and coronary death and its major components, ischaemic heart disease and sudden death were similar. As there were no differences between these relations according to the three FPG groups (Fig. 1, Table 2 ), the common hazards ratios associated with a 1 mmol/l increase in 2hPG from 10 mmol/l were 1.09 (1.00-1.18) for coronary death, 1.13 (0.99-1.29) for ischaemic heart disease death and 1.13 (1.02-1.26) for sudden death (Table 3 ) .
The major cause of death in this cohort was neoplasms, which were overall 35 % more frequent than cardiovascular deaths, with similar frequencies in men with a DM-FPG, IFG, normal-FPG of 9.2%, 9.1% and 7.8%, respectively (Table 2 ). In the men with DM-FGP there was a trend for a negative relation (p<0. 1) and in the men with normal-FPG a positive relation (p<0.0001) (Fig. 1) . A difference was found in the effect of the 2hPG between these three FPG groups (p<0.0001) and in particular between the DM-FPG and the normal-FPG men (p<0.0001) ( Table 2) . For example for a 1 mmol/l increase in the 2hPG concentration from 10 mmol/l for the men with DM-FPG the age-adjusted hazards ratio was 0.84 (0.68-1.03) and in the IFG men 1.12 (0.95-1.32) but in the normal-FPG men, the relation was positive with a hazards ratio of 1.28 (1.19-1.38) ( Table 3) .
After further adjusting for other factors, the hazards ratios for a 1 mmol/l increase in 2hPG from 10 mmol/l were attenuated. For all causes of death, in IFG men the relation with 2hPG was no longer statistically significant. For cardiovascular disease and its components the relations were no longer significant. For neoplasms, the most frequent cause of death, the relation was still statistically significant and positive for Table 3 Hazards ratios (95% CI) for death by various causes, for an increase in 2-h plasma glucose from 10.0 to 11.0 mmol/l for men according to their fasting glucose: diabetic, impaired fasting glucose or normal (DM-FPG, IFG and normal-FPG:
≥7.0, 6.1-6.9 and <6.1 mmol/l) after 17 years of follow-up. If there was no significant difference for 2hPG between the FPG groups, an overall hazards ratio is also shown. normal-FPG men, but for the men with DM-FPG the 2hPG became protective after adjustment (Table 3) .
Discussion
For the 240 men with a DM-FPG, 2hPG is not predictive of all-cause mortality; this is not due to lack of power of this study as the hazards ratio for a 1 mmol/l change is low and the relation with 2hPG differs from those of normal-FPG and IFG men. Over the 17 years of this study, these DM-FPG men would have metabolic disturbances along with hyperglycaemia which would contribute to their risk of early death and perhaps overshadow the effect of baseline 2hPG concentrations. For neoplasms, mortality shows a trend of decreasing with 2hPG, with an age-adjusted hazards ratio of 0.84 (0.68-1.03) when the 2hPG increases from 10 to 11 mmol/l. Again this relation is different to that of the normal-FPG men. For the cardiovascular causes of death studied, the effects of 2hPG are not different from that in the men with IFG or normal-FPG. For the men in this cohort with IFG, 2hPG is predictive of all causes death, with an age-adjusted 15 % increase in risk when the glucose concentration changes from 10 to 11 mmol/l; this increase is reduced to 10% after further adjustment. The major causes of death are neoplasms (44%) followed by cardiovascular disease (31%). Although the increases in risk for this 1 mmol/l change in glucose concentration are 12% and 15% respectively; they are not different from zero. Screening the 1203 men with IFG by an OGTT, (i.e. 17% of our cohort) would yield 23 men who are diabetic on the 2hPG criterion (0.3% of our cohort) and 253 men with IGT (3.6% of our cohort); the all-cause mortality hazards ratios did not differ between the groups DM-2hPG, IGT and normal-2hPG. Equally the risk of death by cardiovascular disease did not differ between these groups. Thus the recommendation of the WHO and the European Diabetes Policy Group to screen IFG men with an OGTT does not seem to be warranted on the basis of early mortality [7, 9] .
For the 79% of men who have a normal-FPG, 2hPG is predictive of all causes of death and notably of sudden death and cancers; an increase in 2hPG from 10 to 11 mmol/l, is associated with close to a 25 % increase for all-cause deaths, for sudden death and for fatal cancers. We have already noted the high cancer mortality in the men with both DM-FPG and DM-2hPG [11] . These relations are strong and would remain significant even after correction for multiple testing.
For the men with DM-FPG in the DECODE study [3] , which includes the Paris Prospective Study, there is approximately a 30% increase in mortality risk for men with a DM-2hPG compared with the normal2hPG men; for the men with IFG, the corresponding increase in risk is 100%. In the Paris Prospective Study these risks are lower (20% and 70% respectively) for the men with DM-FPG and IFG. Therefore a similar analysis in the DECODE study could show a higher relative risk associated with the continuous 2hPG concentration for these two groups of men.
In the Mauritian, Fijian, Nauruan study of mortality [12] the all-cause mortality in men with DM-FPG, carries similar hazards ratios in those with and without a DM-2hPG; however, in agreement with our results, in men without a DM-FPG there is a difference in risk between those with and without a DM-2hPG. These same relations hold for death by cardiovascular disease, agreeing with our study. Cancer mortality rates are also quoted in this report [12] ; this cause of death is five times less frequent than cardiovascular causes, probably because the cohorts are only followed up until an average age of 50 years and there are too few cancer deaths.
The relation between sudden death and diabetes has been reported in the Paris Prospective Study [13, 14] . In comparison with men who are normal on both FPG and 2hPG criteria, the risk of sudden death is more than three times higher for men with a normal FPG Table 4 Age-adjusted hazards ratios (95% CI) for death by all causes and numbers of men at baseline according to their fasting plasma glucose concentration: diabetic, impaired fasting glucose, normal (DM-FPG, IFG, normal-FPG: ≥7.0, 6.1-6.9, <6.1 mmol/l) and their 2-h plasma glucose concentration: diabetic, impaired glucose tolerant, normal (DM-2hPG, IGT, normal-2hPG: ≥11.1, 7.8-11.1, <7.8 mmol/l) after 17 years of follow-up. p values test the differences between and the trends across 2hPG groups, for each of the three FPG groups. and a DM-2hPG, and for men with DM-FPG, whatever their 2hPG concentration. Some of the men without a DM-FPG but with a high 2hPG could be screened because they have high HbA 1c . A recent article shows that for the 101 subjects with a DM-2hPG, 45% have a DM-FPG whereas 62% have an HbA 1c above 6.1% (mean ± 2SD), enabling the detection of additional subjects with a DM-2hPG [15] . As commented by the American Diabetes Association Expert Committee [6] , the FPG is strongly recommended in clinical settings because it is easier to carry out than an OGTT and less expensive. It is more convenient and acceptable to patients and more reproducible.
Knowledge of the 2hPG concentration could benefit men with a normal-FPG to be targetted for preventive action for sudden death and perhaps for cancers. For men with IFG, the mortality risk associated with 2hPG is much lower, and the limited benefit from only screening these subjects with an OGTT is not likely to be worthwhile.
